ABSTRACT. CD45 is cell surface glycoprotein and expressed on all haematopoietic cells except mature erythrocytes and platelets. Eight isoforms of CD45 are generated by alternative splicing of exons 4-6. B220 including all three exons is expressed specifically on pan-B cell lineage. Recently, it was reported that B220 was expressed on apoptotic T cells induced by staphylococcal enterotoxin B (SEB). In the present study, we investigated the expression of B220 on murine thymocytes after whole-body X-irradiation. We used the forward light scattering of flow cytometry as a parameter of cell size, and defined two populations; FSC high (normal cell size) and FSC low (correspond to apoptotic cell in size) fraction. B220 + cells in FSC high fraction reached a maximum value (35%) at 18 hr after irradiation. In FSC low fraction, 40-60% cells were positive for B220 at any time points. These results suggest that B220 is expressed on thymocytes in the pre-apoptotic stage, because B220 was expressed on not only FSC low cells but also FSC high cells.-KEY WORDS: apoptosis, B220, mouse, thymocyte, X-irradiation.
kept in a room at a temperature 22 ± 1°C and in a relative humidity of 50 ± 5%, and the room was lighted for 12 hr/ day. Mice were provided commercial NMF diet (Oriental Yeast Co., Ltd., Tokyo, Japan) and acidified water (pH 3) ad libitum. In the present study, each point in the figure is the mean ± standard deviation of three to seven mice.
Irradiation: Female 6-week-old mice were exposed to 6.8 Gy of whole-body X-irradiation at a dose rate of 0.46Gy/ min with X-ray irradiator (Radioflex-350; Rigaku Denki Co., Ltd., Tokyo, Japan) operated at 250 kV and 12.5 mA with of 0.3 mm Cu and 0.5 mm Al filtration. Mice were subsequently killed at 0 (control), 3, 6, 9, 12, 18, 24, 36, 48, 72 and 168 hr after the irradiation, and then thymi were excised and weighted. Thymocyte suspensions were prepared by gently teasing the thymus with forceps in Hank's balanced salt solution containing 1% fetal bovine serum (HBSS-FBS). The cell suspensions were washed once with HBSS-FBS and the number of cells was counted with a Neubauer haemocytometer. The viability of cells was determined by Trypan blue exclusion.
Antibodies and flow cytometry: Two-color flowcytometric analysis was performed with a Cyto ACE-150 (Japan Spectroscopic Co., Ltd., Tokyo, Japan). The data were analyzed with the Cyto ACE system program version 3.04 (Japan Spectroscopic Co., Ltd.). The thymocytes were stained with PE-conjugated anti-Thy-l (5a-8, Cedarlane) and FITC-conjugated anti-B220 (RA3-6B2, Caltag Laboratories) monoclonal antibodies (mAb). The cells (1 × 10 6 ) were incubated for 30 min on ice in 100 µl HBSS-FBS containing the appropriate dilution of antibodies, and washed once with the same buffer.
DNA labeling with PI: Apoptotic thymocytes were counted by flow cytometry after propidium iodide (PI) staining. DNA content of thymocytes was analyzed as described by Nicoletii et al. [10] . Briefly, thymocytes (1 × 10 6 ) were suspended in 0.5 ml of PBS ( ) and then 0.5 ml CD45 is a major protein tyrosine phosphatase (PTPase) expressing on all hematopoietic cells except mature erythrocytes and platelets [16] . It is reported that this cell surface antigen has a critical role in signal transduction concerning activation or apoptosis of lymphocytes via T cell receptor (TCR) or B cell receptor (BCR; surface IgM) [11, 17] . CD45 occurs in multiple isoforms with variable involvement of exons 4-6 due to alternative splicing [16] . Molecular weights of these isoforms are distributed between 180 and 220 kDa [13] . The 220 kDa isoform contains these all three exons and have been known to be preferentially expressed on B cells. Thus, this B cell-specific isoform is called "B220".
It is known that CD45RA, including exon 4 of the three exons, is expressed on naive/resting T cells and medullary thymocytes [7, 19] . On the other hand, CD45RO (the low molecular weight isoform), lacking exons 4-6, is expressed on memory/activated T cells and cortical thymocytes [6, 8] . Generally, it is regarded that B220 was not appeared on thymocytes or mature T cells. There are some reports, however, concerning the expression of B220 on the apoptotic T cells induced by anti-CD3 monoclonal antibodies (mAb), concanavalin A (Con A), staphylococcal enterotoxin B (SEB) [15, 18] or Interleukin-2 (IL-2) [9] . On the other hand, there is no report about B220 expression on the apoptotic T cells induced by radiation, a potent inducer of apoptosis. In this study, we analyzed the cell size, DNA contents and cell surface antigens including B220 of thymocytes obtained from DBA1 mice at various time after the 6.8 Gy whole-body irradiation.
MATERIALS AND METHODS
Animals: DBA1 mice were originally provided by Dr. J. Hayakawa (Kanazawa University, Kanazawa, Japan) and have been bred at our laboratory since 1995. Mice were of 0.1% Polyoxyethylene-10-octylphenyl ether (Triton X-100 ; Wako Pure Chemical Industries, Ltd., Osaka, Japan) and 1 ml of 1 mg/ml RNase A (Sigma, St. Louse, Mo, U.S.A.) were added to the cell suspension. After incubation for 20 min at 37°C, the samples were mixed with 2 ml of PBS containing PI (5 µg/ml, Sigma) and kept at room temperature for 15 min in the dark before the flow cytometric analysis.
Detection of DNA fragmentation on agarose gels: Analysis of DNA fragmentation was performed as described by Pilarski et al. [12] with a slight modification. Thymocytes (1 × 10 6 ) were lysed in 20 µl of 10 mM EDTA, 50 mM Tris-HCl (pH 8.0) containing 0.5% (w/v) sodium-N-lauroylsarcosinate. The samples were digested by addition of 1 µl RNase solution (10 mg/ml) at 50°C for 30 min. One µl of proteinase K solution (10 mg/ml) was then added and the solution was incubated at 50°C for 1 hr. The samples were electrophoreised in 2% agarose gel at 12.5 V/ cm for 30 min.
Statistical analysis: Statistical significance of the experimental data was examined by student's t-test.
RESULTS

Hypodiploid reveals apoptotic cells:
A close correlation between DNA content and fluorescence intensity of PI stained cells has been established [10] . This makes it possible to estimate the percentage of cells in the G1, S and G2/M phases by flow cytometry. Nicolletti et al. showed that hypodiploid DNA peak was due to apoptotic cells [10] .
Flow cytometric analysis of PI-stained thymocytes from X-irradiated and unirradiated animals was carried out. As shown in Fig. 1a , thymocytes from the control mice had a typical diploid DNA peak (G 0 /G 1 -phase), a minor broad peak in the range of hyperdiploid DNA (S-phase), and a small tetraploid peak (G 2 /M-phase). Hypodiploid cells were only 5% in the unirradiated control mice. On the other hand, hypodiploid thymocytes from irradiated mice increased with time and reached a maximum value (35.7 ± 3.9%) at 12 hr after irradiation (Fig. 1b-e) .
The proportion of viable thymocytes determined by trypan blue exclusion test was approximately 95% in unirradiated control animals. The fraction decreased to a minimum value of 60% at 12 hr after irradiation (Fig. 2) . The reduction of viable cells was accompanied with the concomitant increase in the percentage of hypodiploid cells, which shows a peak at 12 hr after irradiation (Fig. 2) . To examine whether the hypodiploid cells in the thymocyte population from irradiated mice would be due to apoptosis, DNA fragmentation assay was carried out as a measure of apoptosis [9, 10] . DNA from the thymocytes were electrophoreised in 2% agarose gel. A typical 'ladder' pattern characteristic for apoptosis was observed in the thymocyte DNA obtained from mice at 12 hr after 6.8 Gy irradiation (Fig. 3, lane 2) . FSC high and FSC low cells: Thymocytes undergoing apoptosis are known to diminish their cell size [10] , and display a characteristic low forward scattering phenotype (FSC low ). Figure 4a shows the light scatter cytograms of thymocytes prepared from unirradiated and irradiated mice. While only 4% of thymocytes exhibited FSC low phenotype in the unirradiated mice, the fraction in the irradiated mice increased to 27.2% at 12 hr after irradiation. Figure 4b depicts the changes in the fraction of FSC high and the FSC low cells during 168 hr after irradiation which are essentially agree with those of viable cells and of hypodiploid cells, respectively, at least until 36 hr after irradiation (Fig. 2) . From these results, most of FSC low cells are considered to be hypodiploid cells undergoing apoptosis.
Change of B220 expression on thymocyte after irradiation: The fraction of FSC high Thy-1 + B220 -cells, predominant phenotype of control thymocytes, gradually declined during 72 hr after irradiation, and then recovered to the original level at 168 hr (Fig. 5a ). The change of the B220 + fraction in the FSC hig h population was composed of two phases (Fig. 5b ). An apparent peak of B220 + fraction was observed at 18 hr followed by a second less prominent peak at 72 hr. The first peak of B220 + cells temporally coincided with an increase of Thy-1 + B220 + cells (Fig. 5c) , while the second one might be ascribed to an increase in Thy-1 -B220 + cells (Fig. 5d) . In the FSC low , the percentage of B220 + cells increased rapidly after an initial decline during 9 hr after irradiation (Fig. 5b) . Because the peak of the fraction of FSC low B220 + cells in Fig. 5b is coincident with that of Thy-1 + B220 + cells in Fig. 5c , the major part of the increase in B220 + cells is presumably due to Thy-1 + B220 + cells (Fig. 5c ).
DISCUSSION
Recent studies have shown that B220, one of murine CD45 isoforms [4] , was rapidly induced on the majority of splenic T cells of mice following IL-2 and anti-CD3 mAb stimulation [18] . These activated B220 + cells were undergoing apoptosis. The anti-B220 mAbs injected into normal mice caused a significant reduction of thymocytes and splenocytes [2] . Furthermore, a significant reduction in the size of lymph nodes and spleen was observed in MRL/ lpr mice, Fas pathway deficient strains, treated with this mAb [3] . These findings suggested that the expression of B220 is closely related to apoptotic process of T cells.
In this study, we have investigated the expression of B220 on thymocytes in mice after whole-body X-irradiation on the basis of the distinct light scattering characteristics of dying cells on a flow cytometer. The increase in the percentage of B220 + cells were observed in both FSC high and FSC low thymocytes. This suggests that B220 may be expressed on cell surface before the conversion of FSC high cells to FSC low cells in the process toward apoptosis [14] . This is the first finding of the B220 expression on radiationinduced apoptotic thymocytes. Interestingly, the proportional change of FSC high B220 + thymocytes after irradiation revealed biphasic kinetics (Fig. 5b) . Most of the novel B220 + thymocytes in the first peak at 18 hr after irradiation are not considered to be B cells contained in the thymus of normal mice, because B cells in the normal thymus are reported to be less than 1% of total thymocytes [1, 5] . Furthermore, the increase in the hypodiploid cells could be only detected between 3 and 24 hr following irradiation (Fig. 2) . These results suggest that the first peak of B220 + cell proportion observed at 18 hr after irradiation can be ascribed to an increase of dying and/or dead cells through the pathway of radiation-induced apoptosis. However, we could not negate the possibility that the second peak of B220 + cell proportion reflected the immigration of peripheral B cells into thymus between 36 and 72 hr after irradiation. It is note worthy that B220 + cells are also found in a half of FSC low cells from unirradiated mice (Fig. 5b) . Most of these FSC low B220 + cells are presumably subjected to negative selection during thymocyte maturation [11] .
In conclusion, the expression of B220, known as a B cell-specific isoform of CD45 was observed on apoptotic thymocytes induced by radiation, and probably plays an important role in the radiation-induced apoptosis of thymocytes. Further investigation is necessary to elucidate the physiological role of B220 in apoptotic process of thymocytes.
